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[57] ABSTRACT 
A method of alignment between a mask and a semicon 
ductor wafer is disclosed. At least one linear Fresnel 
zone plate lens is provided on the mask, and ?rst and 
second re?ecting gratings are provided one the semi 
conductor wafer. The ?rst re?ecting grating includes a 
plurality of concaves or convexs arranged with a con 
stant pitch P1, and the second re?ecting grating in 
cludes a plurality of concaves of convexs arranged with 
a constant pitch P2 different from the pitch P1 in the ?rst 
re?ecting grating. A monochromatic radiation is irradi 
ated on the mask and ?rst and second re?ected radia 
tions from the ?rst and second reflecting gratings are 
detected by first and second detectors, respectively. A 
difference value between the outputs of the ?rst and 
second detectors is obtained, and the relative position 
between the mask and the semiconductor wafer is dis 
placed in accordance with the difference value. 

11 Claims, 7 Drawing Sheets 
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METHOD OF ALIGNMENT BETWEEN MASK 
AND SEMICONDUCI‘ OR WAFER 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of align 
ment between a mask and a semiconductor wafer and, 
more particularly to a method of alignment between a 
mask and a semiconductor wafer by detecting misalign~ 
ment therebetween in an X-ray lithography apparatus. 
To form a ?ne pattern on a semiconductor wafer a 

precise alignment between the mask and the semicon 
ductor wafer is necessary. As a prior art, there is an 
optical alignment method which employs a linear Fres 
nel zones plate lens (hereinafter called as LFZP) pro 
posed by Bernard Fay et al. in US. Pat. No. 4,311,389 
and in “Journal of Vacuum Science Technology” Vol. 
16(6), Nov./Dec., 1979 pp. 1954-1958 entitled “Optical 
alignment system for submicron X-ray lithography”. 

In the conventional method, a LFZP as a lens for a 
monochromatic radiation such as a laser beam is formed 
at a peripheral portion of the mask, and a re?ecting 
grating pattern is formed at a peripheral portion of the 
semiconductor wafer such that it is positioned under the 
LFZP of the mask in the lithography process. A parallel 
laser beam is irradiated to the LFZP on the mask and 
focused on the semiconductor wafer to detect whether 
the re?ecting grating pattern on the semiconductor 
wafer is positioned under the center of the LFZP or 
not. More particularly, the parallel laser beam in the 
prior art is changed in its incidence angle by a oscillat 
ing mirror to scan the focused portion on the wafer 
thereby examining the position of the re?ecting grating 
pattern. When the re?ecting grating pattern is not posi 
tioned under the center of the LFZP, that is, misalign 
ment is detected, the semiconductor wafer or the mask 
is horizontally moved automatically so as to position the 
re?ecting grating pattern of the semiconductor just 
under the center of the LFZP of the mask. 
The above-described conventional method of align 

ment between a mask and a wafer, however, requires an 
optical system which includes the oscillating mirror and 
two lenses and therefore the prior art suffers from the 
disadvantages that the apparatus is complicated, it is 
dif?cult to reduce the size of the apparatus, and the cost 
is high. Further, since a signal from a detector and the 
oscillating mirror driving signal are subjected to phase 
detection to obtain a misalignment signal, the response 
time for the misalignment signal is determined by the 
frequency of the oscillating mirror, resulting in a disad 
vantageously, low response speed for detecting align 
ment condition. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a method of alignment between a mask and a 
semiconductor wafer in which a lithography apparatus 
can be reduced its size and low cost by eliminating the 
oscillating mirror, and the alignment condition between 
the mask and the semiconductor wafer can be speedily 
detected. 
According to one feature of the present invention, 

there is provided a method of alignment between a 
mask and a semiconductor wafer comprising steps of 
setting the semiconductor wafer on a stage, the semi 
conductor wafer including a ?rst re?ecting grating 
including a plurality of concaves or convexs arranged in 
a ?rst direction with a constant pitch and a second 
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2 
re?ecting grating including a plurality of concaves or 
convexs arranged in the ?rst direction with a constant 
pitch which is a different value from the pitch of said 
?rst re?ecting grating, the center in a second direction 
perpendicular to the ?rst direction in the wafer plane of 
the second re?ecting grating being separated from the 
center in the second direction of the ?rst re?ecting 
grating by a ?rst distance in the second direction; super 
imposing the mask above the semiconductor wafer with 
a predetermined gap, the mask providing ?rst and sec 
ond LFZP’s each including opaque and transparent 
stripes extending in the ?rst direction and alternately 
arranged in the second direction, and the center line 
extending in the ?rst direction of the LFZP being sepa 
rated from the center line extending in the ?rst direction 
of the second LFZP by a second distance in the second 
direction, the second distance being smaller or larger 
than the ?rst distance by a minute value; irradiating a 
monochromatic radiation such as a laser beam on the 
?rst and second LFZP’s and focusing the radiation to 
form ?rst and second slit-shaped images of the radiation 
on the ?rst and second re?ecting gratings, respectively; 
detecting a ?rst re?ected radiation from the ?rst re?ect 
ing grating through the frst LFZP by a ?rst detector; 
detecting a second re?ected radiation from the second 
re?ecting grating through the second LFZP by a sec 
ond detector; obtaining a difference value between the 
outputs of the ?rst and second detectors; and displacing 
the relative position between the mask and the semicon 
ductor wafer in the second direction in accordance with 
the difference value until the difference value becomes, 
minimum in absolute, such as zero. The difference be 
tween the ?rst and second distance may be substantially 
equal to the width in the second direction of the ?rst 
and second re?ecting gratings, or may ranges from 0.5 
pm to 3.0 pm. The width of the slitshape image may be 
substantially equal to the width of the ?rst and second 
re?ecting gratings. 
According to another feature of the present inven 

tion, there is provided a method of alignment between a 
mask and a semiconductor wafer comprising steps of 
setting the semiconductor wafer on a stage, the semi 
conductor wafer including a ?rst re?ecting grating 
including a plurality of concaves or convexs arranged in 
a ?rst direction with a constant pitch and a second 
re?ecting grating including a plurality of concaves or 
convexs arranged in the ?rst direction with a constant 
pitch which is a different value from the pitch of the 
?rst re?ecting grating; superimposing the mask above 
the semiconductor wafer with a predetermined gap, the 
mask providing a LFZP including opaque and transpar 
ent stripes extending in the ?rst directin and alternately 
arranged in the second direction; irradiating a laser 
beam on the LFZP and focusing the laser beam to form 
a slit-like image of the laser beam on the ?rst re?ecting 
grating and/ or on the second re?ecting grating; detect 
ing a ?rst re?ected radiation from the ?rst re?ecting 
grating through the LFZP by a ?rst detector; detecting 
a second re?ected radiation from the second re?ecting 
grating through the LFZP by a ?rsst detector; detect 
ing a second re?ected radiation from the second re?ect 
ing grating through the LFZP by a second detector; 
obtaining a difference value between the outputs of the 
?rst and second detectors; and displacing the relative 
position between the mask and the semiconductor wafer 
in the second direction in accordance with the differ 
ence value until the difference value becomes minimum 
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in absolute, such as zero. The ?rst and second re?ecting 
gratings may be abutted against each other in the sec 
ond direction at the boundary line therebetween. In this 
case, each of the ?rst and second re?ecting gratings 
may has the width in the second direction which is 
substantially equal to the width of the slit-like image of 
said laser beam in the second direction. Or else, each of 
the ?rst and second reflecting gratings may has the 
width in the second direction ranging from 10 pm to 30 
pm. The ?rst and second re?ecting gratings may be 
arranged in the ?rst direction. In this case, the center 
lines extending in the ?rst direction of the ?rst and 
second re?ecting gratings deviate in the second direc 
tion, each other. The width in the second direction of 
the slit-like image of the laser beam favorably ranges 
from 0.5 pm to 3.0 pm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view including a block dia 
gram showing an automatic alignment apparatus of an 
X-ray lithography system which employs the conven 
tional alignment method; 
FIG. 2 is a cross-sectional view showing conditions 

of the incident laser beam in the conventional alignment 
method; 
FIG. 3 is a diagram showing detected signals in the 

conventional method; 
FIG. 4 is a plan view showing an LFZP on a mask; 
FIG. 5 is a plan view showing a re?ecting grating 

pattern on a semiconductor wafer; 
FIG. 6 is a cross-sectional view showing a mask and 

a semiconductor wafer in the present invention; 
FIG. 7 a block diagram including partically a cross 

sectional view showing an automatic alignment appara 
tus of an X-ray lithography system which conducts a 
method of the present invention; 
FIG. 8 is a prespective view showing a mask and a 

semiconductor wafer of a ?rst embodiment of the pres 
ent invention; 
FIG. 9 is a cross-sectional view of FIG. 8; 
FIGS. 10A and 10B are cross-sectional views show 

ing re?ecting gratings of the present invention; 
FIG. 11A is a diagram showing output signals of 

detectors in the first embodiment, and FIG. 11B is a 
diagram showing an output signal of a subtracter in the 
?rst embodiment; 
FIGS. 12A-12E are views showing the principle of 

the ?rst embodiment; 
FIG. 13 is a perspective view showing a mask and a 

semiconductor wafer of a second embodiment of ,the 
present invention; ' 
FIG. 14 is a plan view showing an LFZP of the sec 

ond embodiment; 
FIG. 15 is a plan view showing re?ecting grating 

patterns of the second embodiment; 
FIG. 16A is a diagram showing output signals of 

detectors in the second embodiment, and FIG. 16B is a 
diagram showing an output signal of a subtracter in the 
second embodiment; 

' FIG. 17 is a plan view showing re?ecting grating 
patterns of a version of the second embodiment; 
FIG. 18A is a diagram showing output signals of 

detectors in the version of the second embodiment, and 
FIG. 18B is a diagram showing an output signal of a 
subtracter in the version of the second embodiment; 
FIG. 19 is a perspective view showing a mask and a 

semiconductor wafer of a third embodiment of the pres 
ent invention; 
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FIG. 20 is a plan view showing an LFZP of the third 

embodiment; 
FIG. 21 is a plan view showing re?ecting grating 

patterns of the third embodiment; 
FIG. 22A is a diagram showing output signals of 

detectors in the third embodiment, and FIG. 22B is a 
diagram showing an output signal of a subtracter in the 
third embodiment; 
FIG. 23 is a perspective view showing a mask and a 

semiconductor wafer of a fourth embodiment of the 
present invention; 

FIG. 24- is a plan view showing an LFZP of the 
fourth embodiment; 
FIG. 25 is a plan view showing re?ecting grating 

patterns of the fourth embodiment; and 
FIG. 26A is a diagram showing output signals of 

detectors in the fourth embodiment, and FIG. 26B is a 
diagram showing an output signal of a subtracter in the 
fourth embodiment. 

DESCRIPTION OF THE PRIOR ART 

Referring to FIG. 1, a re?ecting diffraction grating 
16 extending in Y-direction is provided on a semicon 
ductor wafer 15, and a LFZP 18 is provided on a mem 
brane of a mask 17 which is installed above and in paral 
lel to the major surface of the semiconductor wafer 15 
with a constant gap of several tens of um therebetween. 
A parallel laser beam, that is, incident laser beam 19 
emitted from a laser beam source 22 is condensed by a 
?rst lens 23, re?ected by an oscillating mirror 26 driven 
by a motor 25 exited by a generator 24, and passed 
through a second lens 27 irradiates the LFZP 18 on the 
mask 17. The irradiated position on the oscillating mir 
ror 26 and that on the mask 17 are at the same distance 
from the second lens 27. The ?rst lens 23 and the second 
lens 27 constitute in combination and infinite‘ focus opti 
cal system. Accordingly, it is possible to vary the angle 
of incidence of the laser beam 19 to the mask by rotating 
the oscillating mirror 26 by the motor 25 between states 
19', 19" and 19"’, so that the incidence beam 19 which is 
condensed by the LFZP 18 scans the surface of the 
wafer 15, that is, on the reflceting grating 16 in X-direc 
tion which is the alignment direction and perpendicular 
to the Y-direction in the plane. A re?ected diffraction 
laser beam 9 from the re?ecting diffraction grating 16 
on the wafer 15 is spatially separated from the incident 
laser beam 19 at angle 0 in ZOY plane, and detected by 
a detector 28 through the second lens 27, the oscillating 
mirror 26 and the ?rst lens 23. The output signal from 
the detector 28 and the signal from the generator 24 are 
input to a phase detector 29 to detect a phase difference 
between the two signals, thus obtaining a misalignment 
signal h. The misalignment signal h is input to a power 
source 30 for the piezo-electric transducer 21, so that a 
stage 20 installing the semiconductor wafer 15 thereon 
is moved in X-direction in accordance with the amount 
of misalignment signal h, thereby aligning the mask 17 
and the semiconductor wafer 15 with each other. The 
alignment manner mentioned above relates only X 
direction. However, the same manner is conducted in 
Y-direction. 

Referring to FIG. 2, parallel laser beam 19 which are 
made incident on the mask 17 from the upper side 
thereof are condensed by the LFZP 18 and focused on 
the surface of the wafer 15 to form a slit-shaped image. 
When the slit-shaped image thus formed and the re?ect 
ing grating 16 on the wafer surface are superposed on 
one straight line, the laser beam is re?ected and passed 
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through the LFZP 18 again to become parallel rays of 
light which are detected as an alignment signal. The 
parallel laser beam 19 is varied its incidence angles as 
shown by the arrow 38 between states 19’, 19" and 19'”. 
Consequently, the image on the wafer is scaimed as 
shown by an arrow 37 between positions 39’, 39" and 
39"’, and a detecting signal curve shown in FIG. 3 is 
obtained. When the re?ecting grating 16 is not posi 
tioned under the center of the LFZP 18, the peak of the 
detecting signal in FIG. 3 shifts'right or left side, and 
the wafer is horizontally moved in X-directin automati 
cally by the signal h mentioned above so as to position 
the re?ecting a grating just under the center of the 
LFZP 18, that is, alignment is conducted. 

Referring to FIG. 4, the LFZP 18 comprises a plural 
ity of stripes extending in Y-direction and arranged to 
X-direction (alignment direction) perpendicular to Y 
direction. Each of stripes may be made of heavy metal 
such as gold, silver etc. which is used to form an ab 
sorber pattern on the membrane of the mask, which 
absorber pattern is provided for forming a semiconduc 
tor element on the semiconductor wafer. When the 
heavy metal is used in the LFZP 18, the heavy metal 
stripes are opaque stripes, and the portions of the mem 
brane between the heavy metal stripes become transpar 
ent stripes. More particularly, the LFZP 18 is so de 
signed that its focal distance as the condense lens is 
equal to the gap between the mask and the wafer. 
FIG. 4 is a plan view showing the structure of the 

LFZP which serves as a mark for a mask. The LFZP 
has a structure in which stripes having various widths 
are disposed parallel to each other at various spaces. 
Assuming that the distance from the center line C of the 
mark is represented by r,,, the stripes may be expressed 

where f is focal distance, and A is the wavelength of a 
laser which is employed for alignment. Although the 
central stripe of the LFZP shown in the ?gure is trans 
parent, an arrangement which is reverse to the illus 
trated one may also be adopted. 
The same LFZP as FIG. 4 is used in the present 

invention. 
Referring to FIG. 5, the re?ecting grating 16 serving 

as a mark for the semiconductor wafer 15 comprises a 
plurality of concaves or convexs 50 having rectangular 
plan shape and arranged in Y-direction with a constant 
pitch p. The concaves or convexs 50 have substantially 
the same plan shape and depth each other and may be 
formed on the major surface of the semiconductor body 
constituting the semiconductor substrate, that is, of a 
silicon body per se, or else in an insulating ?lm provided 
on the major surface of the body. The separating angle 
0 in ZOY plane in FIG. 1 between the incidence beam 
19 and the re?ected beam 9 is determined by the pitch 
p of the re?ecting grating 16 in FIG. 5. More particu 
larly, the angle 0 is determined by a formula; l9=sinrl 
(uh/p), where n=i1, i2 . . . ; p is the pitch of the 
re?ecting grating pattern; and A is the wavelength of 
the laser beam. 

DESCRIPTION OF THE EMBODIMENTS 

Referring to FIG. 6, a mask 60 and a semiconductor 
wafer 61 used in a method of embodiments of the pres 
ent invention are described. The mask 60 comprises a 
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6 
support member 65 made of silicon, a membrane 62 
made of silicon oxide ?lm, silicon nitride film etc., for 
transmitting an X-ray and ?xed on the surface of sup 
port member 65, an X-ray absorbing pattern 70 made of 
gold, silver, aluminum etc. formed on a center portin 63 
of the membrane 62, and one or two LFZP 69 formed 
on a peripheral portion 64 of the membrane 62. The 
LFZP 69 includes a plurality of stripes made of the 
same material as the X-ray absorbing pattern 70 for 
forming a semiconductor element in the semiconductor 
wafer 65. The semiconductor wafer 65 is installed in 
parallel with the mask, that is, with the membrane 62 
with a predetermined gap, and has a device forming 
area 66 at the center thereof or at a chip in the wafer 
which faces to the center portion 63 of the mask 60 and 
a mark forming area 67 at the peripheral thereof or at 
the peripheral of the chip which faces to the peripheral 
portin 64 of the mask 60. In the mark forming area 67, 
re?ecting diffraction gratings 68 are provided. Each of 
the re?ecting gratings includes a plurality of concaves 
or convexs which are arranged in one direction in the 
plan view with a constant pitch and have substantially 
the same rectangular or square plan shape and depth as 
each other. However, the pitch in one re?ecting grating 
pattern is different from the pitch of the other re?ecting 
grating pattern. The concaves or convexs of the re?ect 
ing grating pattern may be formed in the mojor surface 
of the semiconductor body constituting the semicon 
ductor wafer, that is, of a silicon body per se, or else in 
an insulating ?lm provided on the major surface of the 
semiconductor body. 

Hereinafter, only the peripheral portion of the mask 
in which the LFZP is provided and the mark forming 
area of the wafer in which the re?ecting gratings are 
provided are shown. 

Referring to FIG. 7, the semiconductor wafer 61 is 
installed on an X-Y stage 82 and the mask 60 is superim 
posed on the wafer 61 in parallel with a predetermined 
gap. At least one LFZP is provided in the mask 60, and 
?rst and second re?ecting diffraction gratings having 
the same construction as FIG. 5 are provided in the 
wafer 60. Both of the re?ecting gratings extend in the 
same direction (Y -direction) perpendicular to the align 
ment direction (X-direction). However, they have dif 
ferent pitch P each other. From a ?xed laser beam 
source 70 a parallel incidence laser beam 71 of 1 mm 
diameter is irradiated along a ?xed passage on the 
LFZP of the mask 60, and condensed by the LFZP and 
focused on the surface of the wafer 61 to form a slit 
shaped image. When two LFZP are provided, two 
slit-shaped images are formed, and when one LFZP is 
provided one slit-shaped image is formed. In any case, 
the incident beam image or images are re?ected by the 
?rst and second re?ecting gratings of the semiconduc 
tor wafer 61. The re?ected diffraction laser beams pass 
the LFZP and form parallel re?ected diffraction laser 
beams 72 and 73. The ?rst re?ected diffraction beam 72 
is obtained by the ?rst re?ecting diffraction grating and 
the second re?ected diffraction beam 73 is obtained by 
the second re?ecting diffraction grating. It is to be 
noted, the ?rst and second re?ecting gratings have the 
different pitch p, and therefore the ?rst and second 
re?ected beam 72 and 73 have the different angles 91 
and 02 from the incident beam 71. Consequently, they 
can be separately detected by ?rst and second detectors 
74 and 75, respectively. A signal a from the ?rst detec 
tor 74 is input to a ?rst ampli?er 76 which ampli?es the 
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output a of the ?rst detector 74 to generate a ?rst sense 
signal 0, and a signal b from the second detector 75 is 
input to a second ampli?er 77 which ampli?es the out 
put b of the second detector 75 to generate a second 
sense signal d. A subtracter 78 which subtracts the ?rst 
sense signal 0 from the second sense signal d to generate 
a signal (misalignment signal) e, and an adder 79 which 
adds the ?rst sense signal c and the second sense signal 
d to generate a reference signal f. A divider 80 which 
divides the misalignment signal e by the reference signal 
f to generate a normalized misalignment signal g. The 
signal g is sent to a power source 81 for a piezoelectric 
transducer 83, so that the X-Y stage 82 installing the 
semiconductor wafer 61 thereon is moved by the piezo 
electric transducer 83 in X-direction (dirction normal to 
the surface of the sheet of FIG. 7) in accordance with 
the amount of misalignment signal e. The output levels 
a, b of the ?rst and second detectors 74, 75 would be 
changed by the gap between the mask and the semicon 
ductor wafer or a nature of a photoresist ?lm on the 
semiconductor wafer. However, the sensitivity for the 
misalignment is not changed because the signal e is 
normalized by the signal f in the divider 80. Accord 
ingly, if a servosystem is arranged using the normalized 
misalignment signal g obtained by this signal processing 
syste, there is no change in the servo gain even if the 
signal intensity ?uctuates due to an undesirable change 
in the gap or the effect of the resist or the like. Thus, it 
is possible to realize a stable servo. Although in this 
embodiment two independent detectors are employed 
as a detector, employment of a detector consisting of 
two split detecting portions is better since the character 
istics of the two detectors are uniform. 

Instead of employing two lenses 23, 27 and an oscil 
lating mirror 26 in FIG. 1 to effect scanning with a laser 
beam to thereby obtain a misalignment signal, the 
method of detecting misalignment between a mask and 
a wafer according to the present invention employs two 
re?ecting diffraction gratings disposed adjacent to each 
other to obtain a misalignment signal on the basis of the 
difference between the signals respectivley delivered 
from. the diffraction gratings, thereby eliminating the 
need for an optical system including two lenses and an 
oscillating mirror. Thus, the apparatus is simpli?ed and 
the cost is lowered, advantageously. Further, the ?rst 
and second re?ected diffraction laser beam 72, 73 (FIG. 
7) can be simultaneously obtained by one shot of the 
incident laser beam 71 having about 1 mm diameter 
which is suf?ciently larger area than the LFZP setting 
portion and re?ecting gratings setting portion. There 

, fore, the alignment condition between the mask and the 
semiconductor wafer can be speedily detected. 

FIRST EMBODIMENT 

Referring to FIGS. 8 to 10, the mask 60 is superim 
posed on the semiconductor wafer 61 with a predeter 
mined gap s of 40 um therebetween. In the mask 60, ?rst 
and second LFZP’s 80 and 81 having the same con 
struction as the LFZP 18 in FIG. 4 are provided in 
parallel with each other. More particularly, each of the 
?rst and second LFZP’s has the focal distance of 40 pm 
which is equal to the gap s, and be separated by a dis 
tance D of 70 pm, each other, that is, the center line c 
of the ?rst LFZP 80 extends in Y—direection, and the 
center line c of the second LFZP 81 extends in Y-direc 
tion and separated from the center line of the ?rst 
LFZP 80 at the distandce D of 70 pm in x-direction. 
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Each of LFZP’s has the stripe number of twenty one 
and width of 40 to 50 pm, for example. 
The output signal waves of the ?rst and second detec 

tors must by equal each other. Therefore, the ?rst 
LFZP must have the same construction in stripe num 
ber, stripe shape, etc. as the second LFZP thereby ob 
taining the same signal strength and the same focus 
distance between the ?rst and second LFZP’s. In the 
semiconductor wafer 61, a ?rst re?ecting diffraction 
grating pattern 82 including a plurality of concaves 
(FIG. 10A) or convexs (FIG. 10B) 82' arranged in Y 
direction with a constant pitch p1 of 3 pm and having 
the width w of 2 pm in X-direction, and second re?ect 
ing diffraction grating pattern 83 including a plurality of 
concaves (FIG. 10A) or convexs (FIG. 10B) 83’ ar 
ranged in Y-direction, with a constant pitch p2 of 4 pm 
and the width of 2 pm in X-direction are provided. For 
obtaining the same detecting sensitivity of ?rst and 
second re?ecting gratings, the width w must be equal 
each other. Favorably, the width w and AD range from 
0.5 pm to 3 pm. Each of the re?ecting gratings has the 
length of about 500 pm in Y-direction. The distance 
D+AD between the center of the ?rst re?ecting grat 
ing 82 and the center of the second re?ecting grating 83 
is 72 pm, that is, AD is 2 pm. Favorably, the AD is equal 
to the width w of the re?ecting grating. A He-Ne laser 
beam, that is, an incident laser beam 71 of 1 mm diame 
ter is irradiated downward along a ?xed passage to the 
surfaces of the mask and the wafer. A ?rst slit-shaped 
image 85 elongated in Y-direction by the ?rst LFZP 80 
is formed on the ?rst re?ecting grating 82 and a second 
slit-shaped image 86 elongated in Y-direction by the 
second LFZP 81 is formed on the second re?ecting 
grating 83. Favorably, the width of the slit shaped beam 
85, 86 is substantially equal to the width of the re?ecting 
grating. A parallel re?ected diffraction laser beam 72 
from the ?rst re?ecting grating pattern 82 through the 
?rst LFZP 80 is inclined from the incident laser beam 
71 by an angle A1 in ZOY plane, also a parallel re?ected 
diffraction laser beam 73 from the second re?ecting 
grating pattern 83 through the second LFZP 81 is in 
clined from the incident laser beam 71 by an angle 62 in 
ZOY plane. In both re?ected beams, component +1 
may be used in the detection. The angle 0 (01, 0hd 2) of 
the re?ected laser beam is determined by a formula; 
9=sin'1 (nap), (n= i1, i2 . . . ) as mentioned before, 
where p is the pitch of the re?ecting grating pattern on 
the wafer, and A is the wavelength of the laser beam. 
Since the pitch p1 of the ?rst re?ecting grating pattern 
and the pitch p2 of the second re?ecting grating pattern 
are different, the respective angles 61 and 92 are also 
different from each other. Accordingly, the two re 
?ected diffraction laser beam can be separatedly de 
tected. 
FIG. 11A shows the relationship between the mis 

alignment and the outputs a, b of the detectors 74, 75 in 
FIG. 7. The curve a represents the output of the ?rst 
detector 74, that is, the strength of the ?rst re?ected 
beam 72 from the ?rst re?ecting grating 82, and the 
curve b represents the output of the second detector 75, 
that is, the strength of the second re?ected beam 73 
from the second re?ected grating 83. Each of the curves 
a, b has 0.8 V peak, for example. FIG. 10B shows the 
misalignment and the output e of the subtracter 78, 
which e can be obtained by subtracting the ?rst detect 
ing signal a (or the ?rst sense signal c after the ?rst 
ampli?er 76) from the second detecting signal b (or the 
second sense signal d after the second ampli?er 77). The 
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output e is used to conduct the alignment by moving the 
X-Y stage as mentioned before. To avoid an interfer 
ence between higher mode diffraction beams from ?rst 
and second re?ecting gratings, one pitch is not an inte 
gral multiple of the other pitch. 

Referring to FIG. 12, ?ve cases of relative positions 
between the mask and wafer are exempli?ed, and signal 
levels of the respective cases are represented by (A) to 
(E) in FIGS. 11A and 11B. 

In case (A), ?rst and second slit-like images 85 and 86 
by the ?rst and second LFZP’s 80 and 81 of the mask 60 
are formed at left side of the ?rst and second re?ecting 
gratings 82 and 83 of the wafer 61. Signals a, b in FIG. 
11A become the levels (A), (A) respectively, and signal 
e in FIG. 11B becomes the negative level (A). In case 
(B), also the negative level (B) of e in FIG. 11B. In the 
cases of (A), (B), the semiconductor wafer 61 is moved 
in left side horizontally in X-direction by the X-Y stage 
82 in accordance with the instruction e. 

In case (C), both signal a and b in FIG. 11A are same 
level of (C), and therefore the signal (e) in FIG. 11B 
become 0 (zero). This means that the mask and the 
semiconductor wafer are correct alignment state, and in 
this case no movement of the X-Y stage is necessary. 

In the vicinity of 0 (zero) in FIG. 11B, the sensitivity 
becomes high level such as 1.1 V/um, that is, the curve 
e is sharp in the vicinity of 0 (zero), and therefore, ac 
cording to the present invertion, precise alignment can 
be expected. 

Cases (D) and (E) are opposite to the cases (B) and 
(A). That is, in cases (D) and (E) the positive levels of 
signal e in FIG. 11B are obtained, respectively, and the 
movement of the X-Y stage toward right direction is 
conducted. 

Cases (A), (B), (D), (E) are of misalignment, and 
therefore the semiconductor wafer is moved in accor 
dance with the negative or positive signal level e or g so 
that case (C) is obtained, that is, the movement is con 
ducted till the signal e becomes 0 (zero). 
V The present invention is useful within the scope AD 
(between (B) and (D)), and therefore, a rough alignment 
is favorably conducted before operation of the present 
invention by the other means such as tool, zig etc. such 
that the curve e exists in AD at the start of the present 
invention. 
The embodiment only described the movement of the 

semiconductor wafer. However, the mask may be 
moved in replace of the semiconductor wafer to obtain 
the correct alignment between the mask and the semi 
conductor wafer. In this case, the semiconductor is 
?xed on a ?xed stage, and the mask is installed on the 
other X-Y stage. 

Further, the alignment in X-direction has been only 
explained. However, the same manner is conducted in 
Y-direction. 
The ?rst embodiment occupies somewhat a large area 

because two LFZP’s and two parallel re?ecting grat 
ings are used. However, the ?rst embodiment can select 
freely the amount of AD and the w value of the re?ect 
ing diffraction grating. 

SECOND EMBODIMENT 

Referring to FIGS. 13 to 16, a ?rst re?ecting grating 
101 and a second re?ecting grating 102 each having the 
same width w are abutted against each other at the 
boundary 103. Each of the re?ecting gratings 101, 102 
consists of a plurality of concaves or convexs as these of 
the ?rst embodiment. Therefore, the distance between 
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centers of the ?rst and second re?ecting gratings 101, 
102 becomes w. Therefore, only one LFZP 80 is used. 
When the center 105 of the slit-like incident beam 104 
having also the width w coincides with the boundary 
103. The signal e in FIG. 16B becomes 0 (zero). 
The ?rst and second re?ecting gratings 101, 102 of 

the second embodiment may be separated by a minor 
distance AD’ as shown in FIGS. 17 and 18. In this case, 
the distance between the centers of the ?rst and second 
re?ecting gratings becomes (w+ AD’). 

In FIGS. 13 to 18, the same components as those in 
FIGS. 6 to 12 are indicated by the same numerals. 
The second embodiment occupies a small area in the 

mask and wafer for alignment. However, the width 
dimensions cannot be freely selected. 

THIRD EMBODIMENT 

Referring to FIGS. 19 to 22, ?rst and second re?ect 
ing gratings 111, 112 are arranged in Y-direction such 
that the centers of these re?ecting gratings is deviated 
by- AD. The ?rst and second re?ecting grating 111, 112 
are composed of a plurality of concaves or convexs as 
these of the ?rst embodiment. When the length l is 800 
p.111 which is smaller than the laser beam diameter the 
length (l/ 2) of each re?ecting gratings becomes 400 pm. 
When the center 115 of the slit-like beam coincides with 
AD/2, the signal e in FIG. 22B becomes 0 (zero). The 
third embodiment necessitates only one LFZP 80, fur 
ther the dimensions w and AD can be freely selected 
comparing with the second embodiment. However, the 
longer LFZP is necessary. 

In FIGS. 19 to 22, the same components as those in 
FIG. 6 to 12 are indicated by the same numerals. 

FOURTH EMBODIMENT 

Referring to FIGS. 23 to 26, the same construction as 
the second embodiment is disclosed. However, the 
width w’ of each of ?rst and second re?ecting diffrac 
tion gratings 122, 121 ranges favorably 10 pm to 30 pm 
which is far wider than that of the other embodiments. 
These re?ecting gratings 122, 121 are constructed by a 
plurality of concaves or convexs as these of the ?rst 
embodiment. When the center 125 of the beam 124 
coincides with the foundary 123 between the ?rst and 
second re?ecting gratings, the signal e in FIG. 26B 
becomes 0 (zero). The embodiment also employs only 
one LFZP 80. In the embodiment, the width w’ of the 
re?ecting grating is 20 pm, for example. It is possible to 
effect automatic alignment by means of an alignment 
servo of the present invention if the pre-alignment accu 
racy is about 40 pm. The accuracy of the order can be 
realized simply by obtaining an adequate mechanical 
accuracy based on the orientation ?at of the wafer. As 
the width w’ of the re?ecting diffraction gratings is 
increased, the misalignment detectable range is en 
larged. However, since it is preferable to minimize the 
occupied area of the mark, it is appropriate to set the 
width w’ at such a value that the sum of the areas of the 
?rst and second diffraction gratings 122, 123 is equal to 
the area of the LFZP 80 which has the width of 20 to 60 
pm, for example. 

In FIGS. 23 to 26, the same components as those in 
FIG. 6 to 12 are indicated by the same numerals. 
What is claimed is: 
1. A method of alignment between a mask and a 

semiconductor wafer comprising steps of setting said 
semiconductor wafer on a stage, said semiconductor 
wafer including a ?rst re?ecting grating including a 
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plurality of concaves or convexs arranged in a ?rst 
direction with a constant pitch and a second re?ecting 
grating including a plurality of concaves or convexs 
arranged in said ?rst direction with a constant pitch 
which is a different value from said pitch of said ?rst 
re?ecting grating, the center in a second direction per— 
pendicular to said ?rst direction in the wafer plane of 
said second re?ecting grating being separated from the 
center in said second direction of said ?rst re?ecting 
grating by a ?rst distance in said second direction; 

superimposing said mask above said semiconductor 
wafer with a predetermined gap, said mask provid— 
ing ?rst and second linear Fresnel zone late lenses 
each including opaque and transparent stripes ex 
tending in said ?rst direction and alternately ar 
ranged in said second direction, and the center line 
extending in said ?rst direction of said ?rst linear 
Fresnel zone plate lens being separated from the 
center line extending in said ?rst direction of said 
second linear Fresnel zone plate lens by a second 
distance in said second direction, said second dis 
tance being smaller or larger than said ?rst distance 
by a minute value; irradiating a monochromatic 
radiation on said ?rst and second linear Fresnel 
zone plate lenses and focusing said radiation to 
form ?rst and second slit-shape images of said radi 
ation on said ?rst and second reflecting gratings, 
respectively; 

detecting a ?rst reflected radiation from said ?rst 
reflecting grating through said ?rst linear Fresnel 
zone plate lens by a ?rst detector; 

detecting a second re?ected radiation from said sec 
ond re?ecting grating through said second linear 
Fresnel zone plate lens by a second detector; 

obtaining a difference value between the outputs of 
said ?rst and second detectors; and 

displacing the relative position between said mask 
and said semiconductor wafer in said second direc 
tion in accordance with said difference value until 
said difference value becomes minimum in abso 
lute. 

2. A method of claim 1, in which said monochromatic 
radiation is a laser beam. 

3. A method of claim 1, in which the difference be 
tween said ?rst and second distance is substantially 
equal to the width in said second direction of said ?rst 
and second re?ecting gratings. 

4. A method of claim 1, in which the difference be 
tween said ?rst and second distance ranges from 0.5 pm 
to 3.0 um. 
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5. A method of claim 1, in which the width of said 
slit-shape image is substantially equal to the width of 
said ?rst and second re?ecting gratings. 

6. A method of alignment between a mask and a 
semiconductor wafer comprising steps of setting said 
semiconductor wafer on a stage, said semiconductor 
wafer including a ?rst re?ecting grating including a 
plurality of concaves or convexs arranged in a ?rst 
direction with a constant pitch and a second re?ecting 
grating including a plurality of concaves or convexs 
arranged in said ?rst direction with a constant pitch 
which is a different value from said pitch of said ?rst 
re?ecting grating; superimposing said mask above said 
semiconductor wafer with a predetermined gap, said 
mask providing a linear Fresnel zone plate lens includ 
ing opaque and transparent stripes extending in said ?rst 
direction and alternately arranged in a second direction; 

irradiating a laser beam on said linear Fresnel zone 
plate lens and focusing said laser beam to form a 
slit-like image of said laser beam on said ?rst re 
?ecting grating and/or on said second re?ecting 
grating; 

detecting a ?rst re?ected radiation from said ?rst 
re?ecting grating through said linear Fresnel zone 
plate lens by a ?rst detector; - 

detecting a second reflected radiation from said sec 
ond re?ecting grating through said linear Fresnel 
zone plate lens by a second detector; 

obtaining a difference value between the outputs of 
said ?rst and second detectors; and 

displacing the relative position between said mask 
and said semiconductor wafer in said second direc 
tion in accordance with said difference value until 
said difference value becomes minimum in abso 
lute. 

7. A method of claim 6, in which said ?rst and second 
re?ecting gratings are abutted against each other in sid 
second direction at the boundary line therebetween. 

8. A method of claim 7, in which each of said ?rst and 
second re?ecting gratings has the width in said second 
direction which is substantially equal to the width of 
said slit-like image of said laser beam in said second 
direction. 

9. A method of claim 7, in which each of said ?rst and 
second re?ecting gratings has the width in said second 
direction ranging from 10 pm to 30 um. 

10. A method of claim 6, in which said ?rst and sec 
ond reflecting gratings are arranged in said ?rst direc 
tion, and the center lines extending in said ?rst direction 
of said ?rst and second re?ecting gratings deviate in 
said second direction, each other. 

11. A method of claim 6, in which the width in said 
second direction of said slit-like image of said laser 
beam ranges from 0.5 pm to 3.0 pm. 

i I.‘ i * t 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
PATENTNO. ; 4,815,854 _ Page 1 of 2 

DATED ; March 28, 1989 ' 

INVENTQFHS) ; Yoshiharu Tanaka et a1. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected asshown below: 

Col. 2, line 53, delete "directin" and insert --direction——. 

Col. 2, line 61, delete "firsst" and insert -—first—-. 

Col. 4, line 27, delete "um" and insert --|4m—-. 

Col. 4, line 42, delete "reflceting" end insert 

--reflecting——. 
Col. 4, line 47, delete "0" and insert --9--. 

Col.v 5, line 11, delete‘ "X—directin-— and insert 
--X-direction-—. 
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